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HEATED FILLING METHOD 

Thls is a continuation-in-part of U.S. Application No. 09/752503, filed December 28, 
2000 which claims the benefit of U.S. provisional apphcation number 60/208456 filed May 
30, 2000. Each of the foregotng applications is incorporated herein by reference m Us 
5 entirety. 

f.pIH nf The Invention 

The present invention relates to the field of placmg fill materials into the vias or 
holes of an electronic substrate. 

Rark ffround o f The Invention 

5 , 0 ' A common structure iu various electronics packages, such as laminate packages, 

wiredcircui.board,ceramiosub S .ra,es,ondhybndeircuit,isaviaorhole. Avtaorholets 

a vertical opening which can be filler, with conducting material used to connect oircntts on 
various layers of a substrate or electronics paokages to one another. Ho.es in certain devtces 
may connect ,0 a semi-conducting substrate. A hole general.y starts as an empty cy.tndnca. 
,5 opening in an e.ectronics package whrch .a formed by drffling. The ho.e is then p.ated wtth 
an electrical conductor such aa copper o, tin. Mating ma, be done over the entire panel or 
device, or may be done with a pattern, do,, or button feature. The plating process results tn 
a ho.e that is an opening with a plated, electncaUy conductive .ayer on the inner surface of 
the opening. Plating may also result in plating a., or par. of the surface of the devtce. 
20 Plating of the hole provides the primary electrical contact a. the various layers wt.htn the 
device The following step is .0 fill the hole with an electrically conductive, thermally 
conductive or nonconductive paste. The reasons for filling the hole after plating include 
providing a secondtuy or fail safe electrical connection, to provide structural mtegnty, to 
prevent chemical process entrapment from down-line operations, or to provtde thermal 
,5 conductivity to remove hea, ftom the inner circuit layers of the resulting device. Another 
reason is that filling the ho.e also controls the breaking of electrical connections formed 
when the plate or fintshed electrical device thermally cycles between operating temperatures 
and non-operating temperatures. 
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Various methods relating to hole filling are discussed in pending U.S. Patent 
Application No, 09/752629 and 09/752,503 which are directed to devices and methods for 
delivering a fill material using a delivery system that includes a pressurized supply of fill 
material and a pressure head attached to the pressurized supply of fill material. 

5 Summary of t he Invention 

The presen. invention is directed to a filling system includes a pressurized source of 
fi!l material and a pressure fill head where* the fill head also includes a healing element 
positioned so as ,0 transfer heat to fill materia, passrng through the fill head. A method of 
Chng holes using a fill tnatena, passing through a pressure fill head includes the steps of 
,0 causing fill materia, to enter the fill head, modtfytng the viscosity of the fill material whrle ,« 
is within the fill head, and causing the modified vrscosity fill material to exit the fill head 
and enter at least one hole. 

hrcorporation of a heating element into a pressure fill hend may involve including a 
heating element mat converts c.ectncal energy into heat as par. of the fill head, and/or 
% 15 pumpingahentedmaterialthrougharadiatorthatispartofthefillhead. 

Various objects, features, aspects and advantages of the present invention will 
become more apparent from .he following detarled description of preferred embodiments of 
.heinven.ion.alongwimtheaccompanynngdrawingsinwhichlilcenumera.srepresen.hke 

' components. 

20 Brief Descript i"" nf the Drawings 

Fig. 1A is a front cutaway vrew of a firs, embodiment of a heated fill head according 
to the present invention. 

Fig. IB is a side view of the head of 1 A. 

Fig. 2 A is a front cutaway view of a second embodiment of a heated fill head 
25 according to the present invention. 


m 


Honeywell Docket No.: H0002514 J|(4960) 
Attorney Docket No.: 665.47-US2^ 


5 


Fig. 2B is a side view of the head of 2 A. 

Fig. 3A is a ton, partial cutaway view of a third embodiment of a heated fill head 
according to the present invention. 

Fig. 3B is a side view of the head of 3 A. 

Fig. 4A is a lion, partial cutaway view of a fourth embodiment of a heated fill head 
according to the present invention. 
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Fig. 4B is a side view of the head of 3 A. 
U TWailpri Description 

S Unfortunately, no, all fiU ma,erials may be adva„,ageousl, used with al, .mown ftl. 

2 „ devicesaudmeihodsaudall^ofho,, to particular, ,he use of no,shear,hinmngf„. 

a press ure head is used. Although some a,,emp,s have been made ,o make use o htgh 
vis oosi,y ma,e„a,s more advan,age„us b, mcreasmg room ,empeta,nre, me tesu„s o sue 
a„em P ,s haveno, been entirely s„isfac,ory. This may be due, a, ,eas,mpart, tome act ha, 

increase costs. 

However, heating a pressure ftl. head such as the head disclosed in pending U.S. 

20 operator work environment. 

Referring firs, ,0 figure 1, a filling system comprises a prized source of fill 
serial U A and a pressure fill head 10 wherein the fiU head also cotnprises fill matena. 
chamber,fiow.pa,h 14, a fill material dispersion tube 1, (having outlets „B), and a heating 
e,emen. . 3 positioned to hea, body 10A of fill head ,0. Body 10A in mm heats any fiU 
25 matena, from source 1 , A flowing through chamber 14 hole walls I4B and ,4C. The 
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heating element .3 of figure Us a hrbe tha, functions as a radiator to transfer hea, from 
circulating fluid 13A contained within heating element 13 to fill head body 10A. Fill head 12 
also comprises thermal probes 17 that allow the temperature of the head body 10A to be 
monitored. 

Pressure till head 12 is prefetred to be a head similar to that dtsolosed in pending 
U S Paten. Application Nos. 09/752629 and 09/752,503 with the fill head being coupled to 
a source of pressurized till material by a fill materia, inlet, the till head having an e.ongated 
BU material outlet MB which is substantially larger man the fill material inle, (the unlets to 
dispersion tube 1 1). In such an embodiment it is preferred that the heating element 13 be 
elongated, positioned within body of the fill head, and aligned with the fill matenal outlet 


m 


Provrding maximum surface exposure between the fill material and any heat source 
helps ,o prevent ho. spots from doveloptng within the fill material. Thus, it is preferred that 
the heating of any fill material passing through head be done in a manner which maxtmtzes 
the surface area in eontaet with the fill material of whatever surface ultimately funsters hea, 
to the fill material In many instances this is best accomplished by heating the head body 
10A so that heat is transferred by the walls of chamber 14. Most embodiments in whtch the 
heating element directly contacts the till material are less preferred for having a smaller 
surface area in contact with the fill material. However, in some instances, the heating 
element maybe an insert mat actually defines the walls of chamber 14 and may tnclude 
profusions that any fill materia, flowing through the chamber would have ,0 flow around so 
as to further increase the surface area of the heating element in contact with .he fill matena, 
and lo decrease the risk of hotspots forming within the fill material. 

Referring to figure 2, a filling system according to a second embodiment of the 
25 present invention comprises a pressurized source of fill material 21 A and a pressure fill head 
20 wherein ,he fill head also comprises fill material chamber/flow-path 24, a fill matenal 
dispersion hrbe 21, and a heating elemen. 23 positioned so as to transfer hea, into any fill 
material 21A passing through flow-path 24 of the fill head 22. The fill head of figure 2 
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„peta t essimi,ar, y to.he fill head of figure . e X cep, tatt he,hebod y off,Uheaa20,shea^ 

5 the surrounding environment rather than into fill body 20. 

toentron compnses a pressured source of fiU materia, 3! A and a pressure fit, head 0 

S figure 3 is a tube that functions as a radiator to transfer heat from circulahng fluid 33A 

Si 32. Fiow-path 34 comprises fill head oufie, 34A and walls 34B and 34C. Fill hea 3 
S compnsesthermaiprob^Tthatprovideavisualtndicationofthetempcramreofhef, 

15 Ilan.Aexrtinsthcfifrbcad.Thtsemhodtmenrtsicsspreferredmanthato figure 

1 l,ha„,ha,prov,dedb y ,hewa, 1 sofchamh=r 1 4,andwi, 1 ,he,=b yl , Wy have l essnn, f orm 
H heating and provide for hot spots. 

Refemng ro figure 4. » fining s y s,em accordtng to a fourth embodiment of the 
20 ' p^htvenfion compriaesapr— ^^^^T 
42 wherein the f.U head also comprises faU materia, cfr—wpam U, a ft ma,e a 

JLria, 41 A passing tmough flow-path 44 of the fill head 42. * hearing element s 43 o 

efi„wbaadoff, g ure4ope ral eainafaah,„ns,m„aa,„matoffigure3. 
of the surface of chamber 14 may prove advantageous. 
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„ peeked entbodnnents, the fil, head wi» cotnpnse one - tnote transducers 
vi sc „ ty of t hef,U m a,eHaneav in8th ef, ll head. Monitoring tnay be aceonrphshed y 

5 transmitted from the print head. 

Purred embodtments wi.l a,so have any heated surfaces (such as wa,ls ,4B . and 

■ m ay include anodtzing and/or TEFLON™ coating. 

„ , s contemplated iha, a fill head as desenbed herein maybe used „ fifi holes by 

, , , i™. one hole or hole. In some instances, the fill matenal mil have > viscosdy 

. n c mis 'and 50 The actual value of V 2 win 
,r *i act yv less than VI, and X is one of 1,5, 10, 25, ana du. me 

Celsius. The foregoing parameters will generally vary P 
holes to be filled and the starting value of VI. 
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fluid such as «*. e.hylen= * « — °«"< « «** M 

transfer. 

Heads have heeu disc.osed. » shouid he apparent, however, .0 ,hose shrlled in ,he a, .ha, 
man , nrore motions heaides rhose ahead, described are possrbie wirhou, deparirng 

resrrrcfcd «cep, ,n .he spin, of .he appended Cairns. Moreover, in in.erpre.rng bo* .he 
L M ^,^M^^ "^—g shouidbe 

« comb i„edwr t ho t herelen,e„ tS ,con,pone„,,ors t eps.ha,areno,expreas,yreferenced. 


N= 10 


